Introduction
Since the middle of the 1970s, stainless steels such as In consideration of the above, and to improve transportation efficiency by reducing vessel maintenance work and decreasing environmental loads, the authors started the development of a stainless steel and welding consumables for the steel having significantly improved corrosion resistance for application to chemical cargo tankers, and in 2003, launched a new stainless steel 1) , and welding consumables to the market. This paper reports the development of the welding consumables specially designed for the new stainless steel.
Guidelines for Development of New Stainless Steel and
Welding Consumables for Chemical Cargo Tankers . Furthermore, since stainless steel for chemical tanker applications must also have good resistance to pitting corrosion in environments containing chloride ions from washing water such as sea water, it is necessary to increase the value of the pitting corrosion resistance index (PI = Cr 3.3Mo 16N) 3) . In view of the above and in consideration of the costs and efficiency in production, the chemical composition of the new stainless steel was set so that the values of the GI and PI were 70 or more and 35
or more. consumables for FCAW and SAW for the new stainless steel were developed. Since the properties of welds must be the same as those of base metal, the quality targets of weld metal were set as specified below.
(1) Strength: 0.2% proof stress is min. 315 MPa to prevent blowholes at CO 2 welding, its content was set at 0.05%. Another well-known factor that influences the toughness of weld metal is the amount of ferrite 4) . Fig. 5 shows the effect of the ratio between a Cr equivalent (Creq.) and a Ni equivalent (Nieq. showed that in the Creq./Nieq. range from 1.4 to 1.6, ferrite existed in the form of either vermicular or lacy ferrite, evidencing solidification in the FA mode 6) , and when the ratio was 1.7 or more, it existed in the form of acicular ferrite, evidencing solidification in the F mode 7) . Generally speaking, toughness is higher in FA mode solidification (less amount of ferrite) than in F mode 8) , but some alloy systems in to satisfy the quality targets, and following the guidelines, developed the FCAW welding wire. The solid circles in Fig. 6 indicate the chemical composition finally selected, and Table 2 shows an example of the chemical composition of the weld metal obtained using the developed wire.
Development of welding consumables for SAW
In developing the welding consumables (wire and flux) for SAW, the authors used as a basis the alloy system of 22Cr-13Ni-2.6Mo-2Cu-0.07N satisfying the quality targets and defined through the development study for the FCAW welding wire. However, in consideration of heat input and welding conditions peculiar to SAW, they additionally studied the aspects described below.
The authors confirmed that, when a weld metal by SAW had the same chemical composition of FCAW, the welded joint by SAW would fail at side bending test at the center of weld metal. Based on the results of the studies described above, guidelines for the chemistry design of the welding consumables (wire and flux) for SAW to satisfy quality targets were set out using the chemical composition of the FCAW welding wire as a basis and in consideration of the formation of the brittle phase.
More specifically, the design guidelines were as follows: (1) decreasing Mo content to suppress the precipitation of the phase and increasing Cr content to secure a desired value of the PI, (2) in view of the large dilution with base metal in SAW and consequent large Ni pick-up from the base metal, decreasing Ni content to prevent hot cracking, (3) increasing Cu content to secure a desired value of the GI with the decreased Mo content (Here, it has to be noted that, since the toughness of SAW weld metal tends to be higher than that of FCAW weld metal, a higher content of Cu is permissible.) A welding wire and flux for SAW were developed in accordance with these guidelines. Table 2 shows an example of the chemical composition of the weld metal obtained using the developed welding consumables. Tables 3 and 4 Table 3 Mechanical properties of welded joints. Table 4 Results of corrosion tests of welded joints.
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